Subaqueous dacite lavas were found in three older central cones in the northern part of the Aso caldera basin, Kyushu.
INTRODUCTION
It is well known that pillow lavas and hyaloclastites are produced by subaqueous eruptions of basaltic lava (Rittmann, 1962; Macdonald, 1972; Moore, 1975) . Suba queous eruptions of andesite lava also yield similar products (Snyder and Fraser, 1963a; Kuno, 1968; Yamagishi, 1973; and others) . Even in the case of subaqueous dacite and rhyolite, pillow lavas have been rarely reported (Snyder and Fraser, 1963b; Ivanov, in Macdonald, 1972) . Stark (1939, p. 207) mentioned that the term "pillow" is not genetic but simply a morphologic term for ellipsoidal structure. However, such pillow lavas of acid composition must be different from those of basalt in many respects, as inferred from their higher viscosity at the time of eruption. Recently, the authors found some subaqueous acid lavas with pillow-like structure in the northern part of the Aso caldera basin, Kyushu. The term "pseudo -pillow lava" is used here for such subaqueous lavas. This report is intended to give 1) occurrence of the pseudo-pillow lavas, 2) geological significance of exsistence of the subaqueous lavas in the caldera basin, and 3) comparison between the pseudopillow lavas and basaltic pillow lavas.
* Presented by the senior author at the 85th Meeting of the Western Japan Branch of the Geological Society of Japan held at Kagoshima on Feb. 23, 1975 . (Manuscript received December 10, 1975 Iki (1901) did not regard the hills as independent volcanoes but simply as the remnants of an eroded terrain of volcanic sediments. Matumoto (1943) supposed that the hills were small cones erupted in the earlier stage of the central cone activity. But later he (Matumoto, 1952 ) mentioned that they might be remnants of an old volcano which formed prior to the depress ion of the caldera. Recent observations by the present authors lead to a conclusion that the hills are central cones erupted through the Palaeo-Aso Lake.
OCCURRENCE OF SUBAQUEOUS LAVAS AND PSEUDO-PILLOW STRUCTURE
The best occurrence of subaqueous lavas can be observed at the southwestern part of Hon-zuka. The subaqueous lavas mainly consist of numerous blocks which are angular or subangular in form, pale or dark grey in color, and several to tens of centimeters in diameter. Moreover, in this outcrop, many large blocks up to few meters in diameter, are found. Weak stratifica tion can be observed in some parts. The shape of the large blocks varies from round ish to angular. It is characteristic feature that elongated or collapsed forms such as commonly present in basaltic pillow lavas is not developed. However, columnar joints perpendicular to the surface of each block are well developed as in basaltic pillows. The width of each of the columns usually becomes narrower toward the surface of the block. Since both inner and outer parts of the blocks are mostly composed of dacite glass (Table 1) , no clear chilled margin can be observed. However, the outer rim (1-2cm in thickness) is less vesiculated and cut by very fine joints. In some parts, the outer rim is cracked and is similar in appearance to a tortoise shell or the surface of breadcrust bombs. The inner part is very vesiculated as in pumice, and large voids up to 10cm in diameter are rarely found.
Figs. 3, 4, 5 and 6 show the occurrence and interpretation of formation of the pseudo-pillow structure. The occurrence as shown in Fig. 4 suggests the following mechanism. The large mass of viscous lava is cracked with curved or spheroidal fis sures by releasing of stresses caused by its movement and cooling contraction. Water penetrates into the fissures. Cooling by the water produces isothermal surfaces parallel to the fissures. Thus, cooling contraction may result in formation of columnar joints which extend toward both sides from the fissures at right angle to the isothermal surfaces. Consequently, blocks surrounded by curved surfaces with columnar joints, are produced. 
GEOLOGICAL SIGNIFICANCE OF EXISTENCE OF SUBAQUEOUS LAVAS
The existence of subaqueous lavas in the Aso caldera basin may provide three important contributions to the history of the caldera as follows:
1) The three hills are central cones erupted in the Palaeo-Aso Lake. Con sequently, post-caldera volcanism has taken place not only in the central part but also in the northern part of the caldera basin (Fig. 1) .
2) The upper limit of distribution of the subaqueous lavas is about 510m above sea level, above which subaerial lavas are developed in the three hills. The same level of the limit of exposure of the subaqueous lavas suggests that no signifi cant vertical movement has occurred after the eruption and that the water level of the Palaeo-Aso Lake had reached about 510 m above sea level at the time of eruption.
3) The water probably rose to this level because of the damming up of the Tateno barranco with a central cone lava flow ("Tochinoki-2 lava" by Watanabe, 1972) . This corresponds to the formation of the second stage lake.
Recently, the senior author has found subaqueous lavas of andesite at several meters above sea level in Moe-jima, an islet in the Aira caldera of south Kyushu. This evidence suggests that these andesite lavas solidified in a subaqueous environ ment, and then uplifted. Similar subaque ous lavas are also reported from Okino shima, an islet in the same caldera (Aramaki, 1975) . In many other caldera basins, subaqueous lavas are also expected to be found.
COMPARISON BETWEEN BASIC AND ACIDIC SUBAQUEOUS LAVAS
A comparison between pillows of basic lava and pseudo-pillows of acidic composi tion is attempted as listed in Table 2 . Table 2 . Comparison between acidic pseudo-pillow lava and basic pillow lava.
The morphological features of the sub aqueous andesitic lavas described by Kuno (1968) are roughly intermediate between those of subaqueous basic and acidic lavas. Some pillow lavas of Oshoro in Hokkaido (Yamagishi, 1973) , and subaqueous lavas of Moe-jima in the Aira caldera have similar features.
The difference in form and mechanism of formation between basic pillows and acidic pseudo-pillows of subaqueous lavas may largely depend on differences in the viscosity which is mainly controlled by both chemical composition and temperature at the time of eruption.
